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11-D-1 Radiation and
Humans

Narrative (2012)

Radiation Themed:

A) Acute and late nervous
system effects from
radiation exposure, B)
Acute radiation syndromes
from SEPs, C) Radiation
Carcinogenesis

Enabling or
Enhancing

Enhancing for a 28
day mission,
enabling for a long
stay.

no

Retired

Strategic Knowledge Gaps Theme 2

Exploration
Science or
Technology

Science

Messurements or Mission needed

to retire SKG

Robotic precursor program can contribute
LET Spectrometer (like that described
above) which provides environmental
information that feeds forward to address
tissue damage either by experiment or
model.

Notes 2016

HRP program covers elements of this but measurements obtained by robotic precursor
feeds directly forward to the HRP efforts. More elaborate experiments should be devised.
Experience with humans exposed to high LET is limited to a) proton therapy for focal
treatment of cancer, b) modest exposures in orbital missions, C) transit to the Moon, d)
surface missions on the Moon, and e) modeled exposures in experimental animals, tissues
and cells are conducted a BNL and other facilities. Very little data has resulted from the
therapy protocols save for the effect on the tumor. Analysis of exposure data from orbital
missions along with computational modeling has resulted in setting the exposure limit to
that putatively associate with a 3% lifetime risk for cancer. The time spent in ‘free space’
during transit can be problematic for longer missions, e.g., Mars transit. Planetary
surfaces afford some diminution in exposure. There is concern regarding the nature and
radiation flux from the albedo. Mission planning will help in decreasing the risk. For
example, at solar max there is a decrease in GCR with a higher risk for acute exposure
from solar storm energetic particles form CME’s. With the appropriate alert systems in
place and mission planning, the crew could be shielded during these solar events. In
contrast the GCR is of a constant unrelenting low flux
There are specific health risks that remain of concern: (a) Cognition may be affected
during long missions such as lunar colonization and Mars habitation, (b) In these scenarios
we are concerned about acute phase exposures and chronic exposures such as GCR and
even multiple SPE’s. (c) Duration of the mission will likely determine the number of risks
and the mitigations strategies. (d) The central and peripheral nervous system,
gastrointestinal system, the cardiovascular system, and possibly immunity may be
significantly affected
Summary: In addition to the earth based research in progress, there will need to be a
robust research program conducted in transit and planetary environments to assess
toxicity, mutagenicity, factors that determine susceptibility as well as tolerance to
radiation, and the role of duration of exposure to radiation in maintaining human health.

11-D-2 Virus and
Humans

Virus themed: D) Alteration
in host-microorganism
interactions

Enhancing for a 28
day mission,
enabling for a long
stay.

Science

The direct effect can be addressed in robotic|
missions wherein an automated system
containing cells with viruses in latency have
a process system that can assess production
of free virus by cells in vitro. Such a system
may be telemetrically operated and the

data returned in real time. Also, the system
can be designed to be self-sterilizing so as
not to introduce viable organisms to the
planetary environment.

Decreased immunities and/or increased virulence needs to be examined in situ. The
prospect of problems with viruses while on a planetary surface mission is most likely
going to be with radiation of latent viruses in humans. The only viruses we plan to engage
are those brought by humans or carried on rovers and equipment. The viruses carried on
hardware can be minimized by good practices. Those brought by humans are basically in
two categories: 1) latent viruses, and 2) communicable disease causing. The latter is
mitigated by clinical exam and preflight quarantine. It is the latent virus that can be
reactive during space flight that could be a problem. It is not known if reactivation is
caused by a decline in immunity or if it is a direct effect of the space environment, e.g.,
microgravity, radiation, etc.

11-D-3 Dust and Humans

Dust Themed: E) Biological
consequences of exposure
to dust and volatiles

Enhancing for a 28
day mission,
enabling for a long
stay.

Science

Robotic precursor program can contribute
particle size distribution instruments and
passivation experiment. See above.

These measurements can then feed forward to SSERVI and HPR efforts to simulate the
human reaction to activated dust. The effect of dusts on human health has an extensive
history in mining and manufacturing. The nature of the dusts on the Moon and on Mars is
substantially different from those naturally occurring on Earth. The exposures are
basically three types 1) inhaled, 2) ingested, and 3) surface contact. The biology of dusts
is determined by 1) composition, 2) particle size, 3) structure (crystalline or amorphous),
and 4) dose and duration of exposure. The effect of lunar dust on humans is based on
anecdotal experience. Based on the Apollo missions, it is likely at its worst, an irritant.
Using regolith simulants of the Moon in rats, the permissible exposures an currently set at
1.0 to 1.2 mg/m3. The simulants are usually quartz and/or TiO2.

Robotic missions to these surfaces should include toxicity and mutagenicity analyses in
reference cell based systems to serve as a temporary benchmark for setting standards for
humans occupying these environments for extended periods of time. Presently the risks
associated with dust are being recast such that the emphasis will be on model living
systems.
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